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STABILIZED LANTHANUN SULPHUi? COMP9UNDS 
The purpose of this invention is to maintain 
' j  lanthanum sulfide in the stable cubic phase form over a 
I ' lltemperature range of from 500°C to 1500°C by adding to it 
'ismall amounts of calcium, barium, or strontium. This novel 
1 
il compound is an excellent thermoelectric material. ii 
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1 1  STABILIZED LANTHANUM SULPHUR COMPOUNDS 
' 1 
' I /  
BACKGROUND OF THE INVENTION 
1. Field of the Invention 
I I/ This invention relates to lanthanum sulphur 
. \ I  compounds which are stabilized by calcium, barium, or 
/ j  strontium and have desirable properties for use in 
; I! thermoelectric energy conversion. li 
2. Background Discussion 
Thermoelectric materials are substances 
I/ which, when subjected to a temperature difEerentia1 I / 
f 
Ii 
across the material, produce a voltage drop and a 
I /  current flow through the material. Such materials are 1 ,  used in remote power generation, for example, in a 
1 s2acecraft as a source of electrical power. One end 
1 of the material is exposed to heat, for example, from 
a radioisotope heat source, and the other end is at a 
substantially lower temperature caused by intentional 
heat removal such as radiative coating, subjecting the 
il material to c thermal gradient which causes power to 
' I  / be generated by the material. Thus, heat energy is / directly converted to electrical energy to provide 
i/ power for the spacecraft. 
In a material such as lanthan~rn sulfide, 
certain crystallographic phases may have desirable 
thermoelectric properties, while other phases may be 
electrical insulators. For example, the cubic phase 
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form of l an thanum s u l f i d e  e x h i b i t s  d e s i r a b l e  t h e r m a -  
electric p r o p e r t i e s  o v e r  t h e  t e m p e r a t u r e  r a n g e  o f  from 
a b o u t  1200°C to a l > o s t  1500°C. A t  t e ~ n p e r a t ~ r e s  below 
a b o u t  1200°C t h e  c r y s t a l  s t r u c t u r e  of  t h e  l a n t h a n u n  
s u l f i d e  c h a n g e s  from t h e  c u b i c  p h a s e ,  which p r o v i d e s  
t h e  d e s i r a b l e  t h e r m o e l e c t r i c  p r o p e r t i e s ,  to an o r t h o r -  
hombic form which l a c k s  t h e  d e s i r e d  t h e r m o - e l e c t r i c  
p r o p e r t i e s .  Such p h a s e  t r a n s f o r m a t i c n  c a n  also pro-  
d u c e  a b r i t t l e ,  f r a g i l e  material w i t h  i n s u f f i c i e n t  
s t r e n g t h  to  be used as a t h e r m o e l e c t r i c  power c o n v e r -  
s i o n  d e v i c e .  
THE INVENTION 
W e  h a v e  d i s c o v e r e d  t h a t  t h e  d e s i r a b l e  c u b i c  
p h a s e  of  l an thanum s u l f i d e  c a n  b e  s t a b i l i z e d  o v e r  a 
b r o a d  t e m p e r a t u r e  r a n g e  by d i s s o l v i n g  c a l c i u m ,  b a r i u m ,  
or s t r o n t i u m  i n  t h e  l an thanum s u l f i d e .  T h i s  material 
may b e  r e p r e s e n t e d  by t h e  f o l l o w i n g  f o r m u l a :  
where x is g r e a t e r  t h a n  0 a n d  less t h a n  0.1, a n d  3 i s  
s e l e c t e d  f rom t h e  g r o u p  c o n s i s t i n g  o f  c a l c i u m ,  b a r i u m ,  
s t r o n t i u m ,  a n d  i n i x t u r e s  t h e r e o f .  The amount o f  c a l -  
cium, ba r ium,  and  s t r o n t i u m  u s e d  s h o u l d  be e f f e c t i v e  
to  m a i n t a i n  t h e  d e s i r e d  c u b i c  p h a s e  o f  t h e  l an thanum 
s u l f i d e  a t  t e m p e r a t u r e s  of  500°C or lower. T y p i c a l l y ,  
t h e  amount o f  c a l c i u m ,  b a r i u m ,  or s t r o n t i u m  r a n g e s  
between a b o u t  0 .1  and  a b o u t  5.0 w e i g h t  p e r c e n t  of  t h e  
compound, a n d  p r e f e r a b l y  is i n  t h e  r a n g e  f rom a b o u t  
0 .2  to  a b o u t  5 w e i g h t  p e r c e n t ,  to s t a b i l i z e  t h e  c u b i c  
p h a s e  a n d  p r o v i d e  a u s e f u l  t h e r m o e l e c t r i c  material 
which is u s a b l e  i n  t h e  t e m p e r a t u r e  r a n g e  o f  f rom a b o u t  
500' to a b o u t  1500°C. 
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1 '  The t h ~ r ~ n l > t ~ I e c t r i c  ; n a t ? r i a l  oE t h i s  i n v c n -  
2ii t i o n  may he made by s i m p l y  b l e n d i n g  t o g e t h e r  a t  room 
3 ,  t e m p e r a t u r e  p o d d e r s  of t h e  e l e m e n t a l  i n g r e d i e n t s  ( L a ,  
4 S f  B a ,  Ca, S n )  i n  t h e  correct p r o p o r t i o n s .  T h i s  S1en-l 
i 5 is s l o w l y  h e a t e d  i n  vacuum to a t e m p e r a t u r e  o f  a p p r o x l -  
6 : :  m a t e l y  L L O O  - 1200°C and a t  ttlis t e m p e r a t u r e  tor a 
~i 7,, s u f f i c i e n t  amount o f  t i m e  f o r  c h e m i c a l  h o m o g e n i z a t i o n  
8 to  o c c u r .  A l t e r n a t e l y ,  t h e  s t a r t i n g  metallic i n g r e d i -  
91 e n t s  may be r e a c t e d  w i t h  s u l p h u r  v a p o r  a t  a t empera -  
l o ; /  t u r e  of  600 - 1200°C i n  a c l o s e d  r e a c t i o n  v e s s e l .  The  
p r o p o r t i o n  o f  s t a r t i n g  m a t e r i a l s  is s u c h  t h a t  t h e  
f i n i s h e d  material h a s  t h e  above  f o r m u l a .  A l s o ,  a 
m i x t u r e  o f  t h e  compound l a n t h a n u m  s u l f i d e  and com- 
pounds  b a r i u m  s u l f i d e ,  c a l c i u m  s u l f i d e ,  a n d / o r  s t r o n -  
t i u m  s u l f i d e  may b e  h e a t e d  t o  1100 - 1200°C i n  vacl lun 
f o r  a t i m e  s u f f i c i e n t  to form t h e  d e s i r e d  material. 
I n  some i n s t a n c e s  it may be d e s i r a b l e  t o  
h e a t  t h e  s t a r t i n g  i n g r e d i e n t s  to t e m p e r a t u r e s  i n  
e x c e s s  o f  1203OC to  melt t h e  i n g r e d i e n t .  The f i n i s h e d  
p r o d u c t  is c o o l e d  and t h e n  c r u s h e d  or g r o u n d  i n t o  
porlder and  t h e n  f a b r i c a t e d  i n t o  a t h e r m o e l e c t r i c  
d e v i c e  by known powder m e t a l l u r g i c a l  t e c h n i q u e s  s u c h  
as vacuum h o t  p r e s s i n g .  
The  f o l l o w i n g  example  i l l u s t r a t e s  t h e  
p r e f e r r e d  way o f  making t h e  compound of  t h e  p r e s e n t  
i n v e n t i o n .  
EXAMPLE I 
A m i x t u r e  o f  138.9 grains o f  l a n t h a n u m  
powder ,  5 8 . 1  g r a m s  o f  s u l p h u r  powder ,  and 7.9 g r a m s  o f  
31 I/ c a l c i u m  powder were b l e n d e d  t o g e t h e r  i n  a n  i n e r t ,  p r o -  
32 ' /  t e c t i v e  a t m o s p h e r e  and l o a d e d  i n t o  a q u a r t z  r e a c t i o n  
33 / v e s s e l .  The  v e s s e l  was e v a c u a t e d  and  s e a l e d  a n d  1 :  
34 ,j s l o w l y  hea ted  to  l l O O ° C  f o r  s e v e r a l  d a y s  t o  homogenize  
3 5  1 t h e  m i x t u r e .  The r e a c t e d  m i x t u r e  was removed f rom t h e  
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q u a r t z  r e a c t i o n  v e s s e l ,  g round  to powder,  and vacuun  
h o t  p r e s s e d  a t  1400°C f o r  o n e  h o u r  t o  form a s o l i d  
t h e r ~ n o e l e c t r  ic e l e m e n t .  
The  above d e s c r i p t i o n  p r e s e n t s  t h e  best mode 
c o n t e m p l a t e d  of c a r r y i n g  o u t  t h e  p r e s e n t  i n v e n t i o n .  
The  compounds o f  t h i s  i n v e n t i o n  are, however ,  s u s c e y -  
t ib le  to  modif i c a t i o n s  a n d  a l t e r n a t e  ways of  p r e p a r i n g  
them. C o n s e q u e n t l y ,  it is n o t  t h e  i n t e n t i o n  t o  l i m i t  
t h i s  i n v e n t i o n  to  t h e  p a r t i c u l a r  example  d i s c l o s e d .  
On t h e  c o n t r a r y ,  t h e  i n v e n t i o n  is to c o v e r  a l l  modif i- 
c a t i o n s  and  a l t e r n a t e  f o r m s  o f  t h e  c o ~ ~ p o u n d s  f a l l i n g  
w i t h i n  t h e  s p i r i t  and s c o p e  o f  t h e  i n v e n t i o n  a s  
e x p r e s s e d  i n  t h e  appended claims. 
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2 ,  
a ABSTRACT OF THE DISCLOSURE 
4 Lanthanum s u l f i d e  is  m a i n t a i n e d  i n  t h e  
' : s t a b l e  c u b i c  p h a s e  form o v e r  a t e m p e r a t u r e  r a n g e  of 
" from 500°C to 1500OC by a d d i n g  to i t  s m a l l  amounts of 71i c a l c i u m ,  bariun, or s t r o n t i u n .  T h i s  n o v e l  compound is 8 / 1  an  e x c e l l e n t  t h e r m o e l e c t r i c  material. 
1 ,  
lo ij 
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